Abstract There remains limited research on cardiovascular disease (CVD) risk factors in Puerto Rican adults. We compared lifestyle and CVD risk factors in Puerto Rican men and women with normal fasting glucose (NFG), impaired fasting glucose (IFG), or type 2 diabetes (T2D), and investigated achievement of American Diabetes Association (ADA) treatment goals in those with T2D. Baseline data from the Boston Puerto Rican Health Study were analyzed, which included 1,287 adults aged 45-75 years. Obesity, hyperglycemia, and dyslipidemia were prevalent and increased from NFG to IFG and T2D. In individuals without T2D, fasting insulin correlated significantly with body mass index. Achievement of ADA goals was poor; LDL cholesterol was most achieved (59.4%), followed by blood pressure (27.2%) and glycosylated hemoglobin (27.0%). Poverty, female sex, current alcohol use, and diabetes or anti-hypertensive medication use were associated with not meeting goals. Puerto Rican adults living in the Boston area showed several metabolic abnormalities and high CVD risk, likely due to pervasive obesity and socio-economic disparities.
Introduction
The obesity epidemic in the United States (US) has led to high rates of insulin resistance and type 2 diabetes (T2D). Both conditions are particularly prevalent among Hispanics [1] , the largest and fastest growing ethnic minority group [2] , and prevalence continues to escalate [3] . Puerto Ricans are reported to have the second-highest age-adjusted prevalence of T2D (12.6%) of all ethnic groups in the US [4] , after the American Indian and Alaska Native population (16.5%) [5] , which coincides with greater overall and central obesity than other ethnic groups [6] . Impaired fasting glucose (IFG), an insulin-resistant state of pre-diabetes, also occurs more frequently in US Hispanics than in non-Hispanic whites or non-Hispanic blacks [1] , but prevalence has not been reported in Puerto Ricans. The progression from normal fasting glucose (NFG) to IFG and T2D is associated with deterioration in metabolic control, including hyperglycemia, dyslipidemia, and hypertension, leading to increased risk of cardiovascular disease (CVD) [7] . To date, few studies have focused on metabolic control and CVD risk among Puerto Rican adults predisposed to T2D. This study captures prevalence of IFG, T2D, and CVD risk factors across the spectrum of glucose control, ranging from normal to impaired fasting glucose to T2D, in Puerto Rican adults living in Massachusetts.
In individuals with T2D, dysregulation in CVD risk factors constitutes the typical ''ABCs of diabetes''. The American Diabetes Association (ADA) has provided treatment recommendations for glycemic (glycosylated hemoglobin, HbA1c), blood pressure, and low-density lipoprotein cholesterol (LDL-C) control [8] ; however, only 27-52% of US adults achieve these goals [9] [10] [11] [12] . Although data on ADA goal achievement among Hispanics are sparse, Hispanics are more likely than non-Hispanic whites to exhibit poor glycemic control [13] . A probable contributor is inadequate self-management of disease, which has been linked to lower education [14] , higher perceived stress [15] , and other socio-economic and health disparities [16] , in this ethnic group.
Few observational studies have reported CVD risk factors in Puerto Rican adults. In the Massachusetts Hispanic Elders Study (MAHES, 1993 (MAHES, -1997 , Puerto Ricans had high prevalence of T2D [17] across all body mass index (BMI) and waist circumference categories [18] , which was associated with poor glycemic control [17] and dyslipidemia [19] . Moreover, prevalence and characteristics of IFG in Puerto Ricans have not previously been described. The main objective of this study was to compare lifestyle and CVD risk factors in Puerto Rican adults with NFG, IFG, or T2D. A secondary objective was to investigate factors associated with achievement of ADA treatment goals in this population.
Methods

Study Population
We used baseline data from the Boston Puerto Rican Health Study, the central study of the Boston Puerto Rican Center on Population Health and Health Disparities. Briefly, Puerto Rican adults were recruited from Boston and surrounding urban areas, primarily (77%) through door-to-door enumeration using a sampling scheme derived from year 2000 US Census data, as well as through community events (10%), referrals (7%), and calls to the study office (6%) [20] . Eligible individuals were of Puerto Rican origin based on self-report, aged 45-75 years, scored [10 points on the Mini-Mental State Examination, and were planning to stay in Massachusetts for at least 2 years. Only one eligible person per household was interviewed. Of the 2,084 eligible individuals invited to participate between June 2004 and October 2009, 1,500 (72%) completed the baseline interview. Boston Puerto Rican Health Study participants were recently found to be representative of Puerto Rican adults residing in high-density urban areas in the US, and additional details on study methodology have been published [20] . For these analyses, baseline data from the first 1,287 participants (i.e., 379 [29. 5%] men and 908 [70.6%] women) with complete data on fasting plasma glucose (FPG) concentration were included. Study protocol and procedures were approved by the Institutional Review Board of Tufts Medical Center. All participants provided written informed consent.
Data Collection
Bilingual interviewers administered a 3-4 h questionnaire in the participant's home, on medical history, sociodemographic characteristics, and health behaviors, performed anthropometric and blood pressure measurements, and recorded use of all medications. Questions included highest grade completed in school, and past or current use of alcohol and smoking. Physical activity was assessed using a modified version of the Paffenbarger Harvard Alumni Questionnaire [21] , and a summary score captured time spent in different activities and metabolic equivalents. Poverty was defined using US Department of Health & Human Services poverty guidelines [22] , in which each participant's total household income was compared with threshold values based on year of study interview and family size. Anthropometric and blood pressure measurements were performed following standard procedures from NHANES [23] and the MacArthur Studies of Successful Aging [24] . Height, weight, and waist circumference were measured in duplicate, and the average measure was used. Seated blood pressure was obtained, in duplicate, three times during the interview, using a digital, automated sphygmomanometer, and the average of the last two measurements was taken [25] . On a separate day, participants fasted for 12 h overnight, and venipuncture was performed in their home by a certified phlebotomist. All study interviewers were thoroughly trained by experienced staff on performing standardized interview procedures, and they attended retraining and review sessions periodically [20] . Further, each interview questionnaire was self-and peer-reviewed before data entry.
Laboratory Methods
Serum glucose was measured using an enzymatic, kinetic reaction on the Olympus AU400e with Olympus Glucose Reagents (OSCR6121) (Olympus America Inc., Melville, NY), with an intra-assay coefficient of variation (CV) of 2%. Serum insulin was measured using the Immulite 1000 Insulin Kit (LKIN1) on the Immulite 1000 (Seimens Medical Solutions Diagnostics, Los Angeles, CA), with intra-assay CVs of 5.2-6.4%. HbA1c was analyzed using a latex-enhanced immunoturbimetric method, on the Cobas FARA using the Roche Unimate HbA1c kit (Roche Diagnostics, Indianapolis, Indiana). Blood lipids were obtained from EDTA plasma used for the lipoprotein profile, with an enzymatic endpoint reaction on the Olympus AU400e with Olympus Cholesterol (OSR6116), High-Density Lipoprotein Cholesterol (HDL-C) (OSR 6156), and Triglyceride (OSR6033) Reagents (Olympus America Inc., Melville, NY); intra-assay CVs for cholesterol and triacylglycerols were 1.8 and 2.8%, respectively. LDL-C was calculated using the Friedewald equation:
Explanatory Variables and Outcome Measures
We classified study participants into the following FPG categories: NFG if FPG was \100 mg/dl (5.6 mmol/l), IFG if FPG was between 100 mg/dl (5.6 mmol/l) and 125 mg/dl (6.9 mmol/l), or T2D if FPG was C126 mg/dl (7.0 mmol/l) and/or the individual was using oral diabetes medication and/or insulin [26] . Of those with T2D, 91 (18%) were not taking diabetes medication and were classified based on FPG concentration alone; these individuals may represent ''undiagnosed'' T2D [27] . Another 282 (56%) were on oral medication only, and 129 (26%), insulin and oral medication. Agreement between our T2D classification and self-reported ''ever'' medical diagnosis was good; only 59 (12%) of those we classified did not report the disease. Of these, only four were on diabetes medication, indicating that nearly all of those on medication knew about the disease.
Cardiovascular disease risk factors were treated both as continuous measures to obtain adjusted mean concentrations, and as categorical variables to denote level of CVD risk. Homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as fasting plasma insulin (lIU/ml) * fasting plasma glucose (mmol/l)/22.5. We used published guidelines to define categories of BMI and waist circumference [28] , high HbA1c [8] , sex-specific low HDL-C [29] , borderline and high triacylglycerols [30] , and high systolic and diastolic blood pressure [31] . Among individuals with T2D, ADA goals were considered met for HbA1c \7.0%, blood pressure \130/80 mmHg, and LDL-C \100 mg/dl (2.6 mmol/l) [8] .
Statistical Analyses
Among individuals with NFG, IFG, or T2D, lifestyle and CVD risk factors were compared, separately in men and women. Before analysis, a natural logarithmic transformation was applied to glucose, HbA1c, insulin, HOMA-IR, HDL-C, and triacylglycerols, to better approximate normal distributions. Adjusted means of CVD risk factors were obtained by sex and compared using ANCOVA, adjusting for the following: BMI and waist circumference-age; glycemia measures, blood lipids, and blood pressure-age, waist circumference, and use of respective medications. We tested for interaction between FPG category and age, medication use, or waist circumference, but no interaction was significant. In individuals with NFG or IFG, age-and sex-adjusted means of fasting insulin by BMI category were compared using ANCOVA with Tukey's HSD test and tests for linear trend. Among those with T2D, we calculated percentage of individuals achieving each ADA goal, and conducted multivariate logistic regression analyses to investigate factors associated with goal achievement. Analyses were conducted using SAS for WINDOWS, version 9.1 (SAS Institute, Cary, NC, USA), and all P values were two-sided.
Results
In the total sample, prevalence of NFG, IFG, and T2D were 37, 24, and 39%, respectively. In women only, those with IFG or T2D were more likely to have B8th grade education (Table 1) . For both men and women, physical activity levels were low, but no significant difference was observed across FPG categories. Trends for smoking and alcohol use differed by sex; men with T2D were less likely to currently smoke, and women with T2D less likely to consume alcohol, compared to those with NFG. Medication use was widespread, particularly in those with T2D. Adjusted means of all obesity and glycemia measures increased progressively across FPG categories. However, individuals with T2D had lower total and LDL cholesterol concentrations than those with NFG or IFG, after controlling for lipid-lowering medication use. Among women, those with IFG or T2D had lower HDL-C and higher triacylglycerols than those with NFG.
There was high prevalence of overweight and obesity, and both overall obesity and central obesity showed clear upward trends across FPG categories (Table 2) . Glycemic control in those with T2D was poor, with more than 70% of men and women having HbA1c C7%. Dyslipidemia was common, and was primarily driven by low HDL-C; across sexes and FPG categories, 11-26% of individuals had both low HDL-C and high triacylglycerols.
In those with NFG or IFG, we examined associations between BMI and fasting insulin, a surrogate measure of insulin resistance (Fig. 1) . In both groups, we observed significant positive trends in adjusted mean insulin concentrations across BMI categories. Regardless of BMI category, individuals with IFG had higher insulin concentrations than those with NFG.
Among individuals with T2D, achievement of ADA treatment goals was poor. Specifically, 21% of individuals did not meet any goal, 48% met one, 27% met two, and only 4% met all three goals (data not shown). The goal most met was that of LDL-C (59.4%), followed by blood pressure (27.2%) and HbA1c (27.0%). For each goal, an association was seen between medication use and goal achievement (Table 3) . However, use of diabetes and antihypertensive medications were each strongly associated with not achieving respective goals, while the reverse was true for lipid-lowering medication. Other factors that correlated with not meeting goals included poverty (P = 0.06) for HbA1c, current alcohol use (P = 0.001) for blood pressure, and being female (P = 0.04) or current alcohol use (P = 0.08) for LDL-C.
Discussion
Characteristics of individuals with NFG, IFG, and T2D and their relationships with CVD risk factors have not NFG was defined as fasting plasma glucose (FPG) concentration \ 100 mg/dl (5.6 mmol/l), IFG as FPG 100-125 mg/dl (5.6-6.9 mmol/l), and T2D as FPG C 126 mg/dl (7.0 mmol/l) and/or diabetes medication use HbA1c glycosylated hemoglobin, HOMA-IR homeostasis model assessment of insulin resistance, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol Adjustments were as follows: lifestyle characteristics and obesity measures-age; glycemia measures, blood lipids, and blood pressure-age, waist circumference, and use of respective medications. Data are presented as mean (95% confidence interval) except where indicated. Separately by sex, differences were assessed using ANCOVA with Tukey's adjustment for continuous variables, and logistic regression for categorical variables. Within sexes, values with different superscript letters in a row (x, y or z) are significantly different at P \ 0.05 a Data were log-transformed prior to statistical analysis and are presented as geometric means (95% confidence interval) previously been well characterized in Puerto Rican adults. Our findings show consistently greater CVD risk across FPG categories in Boston area Puerto Ricans aged 45-75 years. Progressive elevations were observed in both overall and central obesity, as well as glycemia measures. Across FPG categories, lipid and blood pressure control was poor, despite medication use. In those with T2D, achievement of ADA treatment goals was low. Prevalence of T2D was high in the present study, with 39% of Puerto Ricans classified with the condition. This estimate is substantially higher than the national, ageadjusted estimate for Puerto Rican adults aged C20 years in 2004-2006 (12.6%), which was the second highest prevalence of all ethnic groups studied [4] . However, our prevalence was comparable to self-reported estimates for similarly aged (C45 years) Puerto Ricans in Chicago (34-35%) [32] , and New York City (33-39%) [33] . Previous research in the Boston area confirms these findings [17] , and suggests that T2D prevalence in Puerto Ricans has increased over the last 10 years. In MAHES, 38% of those aged C60 years were diagnosed with diabetes, in contrast to 48% in the present study.
To our knowledge, this is the first study to report prevalence of IFG among Puerto Ricans. IFG prevalence in our sample (24%) was similar to Hispanics in the New York City Health and Nutrition Examination Survey, NFG was defined as fasting plasma glucose (FPG) concentration \ 100 mg/dl (5.6 mmol/l), IFG as FPG 100-125 mg/dl (5.6-6.9 mmol/l), and T2D as FPG C 126 mg/dl (7.0 mmol/l) and/or diabetes medication use
HbA1c glycosylated hemoglobin, HDL-C high-density lipoprotein cholesterol CVD risk cut-points were obtained from the following sources: obesity measures-National Institutes of Health [28] ; HbA1c-American Diabetes Association [8] ; HDL-C-International Diabetes Federation [29] ; TG-National Cholesterol Education Program Adult Treatment Panel III [30] ; systolic and diastolic BP-Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure [31] Differences in percentage of individuals in CVD risk categories across FPG categories were tested using Pearson's Chi-square test P \ 0.1; * P \ 0.05; *** P \ 0.001; **** P \ 0.0001 J Immigrant Minority Health (2011) 13:825-833 829 which included Puerto Ricans (25%) [27] , but lower than for Mexican-Americans in NHANES 1999-2002 (33%) [1] . In comparison with other Hispanic groups, T2D was more prevalent than IFG in the present sample, demonstrating greater frequency of overt glucose dysregulation. Overall obesity prevalence across FPG categories in men and women in the present study (29-58 and 50-72%, respectively) surpassed recent NHANES population estimates in similarly aged US adults (32-41% of men and women) [34] . However, prevalence was similar to that observed in non-Hispanic black (53-61%) and Mexican American (37-51%) adults [34] , highlighting the severity of the obesity epidemic in ethnic minorities. The epidemic is a particular problem in Puerto Ricans, with evidence suggesting an increase in both overall and central obesity in the past decade [18] . Further, a cross-sectional study in New York City adults aged C18 years revealed that Puerto Ricans had the largest BMI, percent body fat, and waist-to-hip ratios relative to any other ethnic group studied, which included non-Hispanic whites, nonHispanic blacks, and Asians [6] . The high prevalence of obesity in Puerto Ricans is likely due, in part, to lower physical activity, as has been reported for Hispanics, relative to other ethnic groups [35] . However, our sample's prevalence of sedentary/light physical activity far surpassed age-adjusted estimates for ''no leisure-time physical activity'' among Hispanics in the US (34.6%) and in Massachusetts (40.2%), which possibly relates to both lower education and older age in our sample, correlates of reduced physical activity among Hispanics [36] . Consequently, obesity is of major concern in the Puerto Rican population, and an important mediator of the metabolic abnormalities observed.
Although individuals with T2D had the worst CVD risk profile, those with NFG or IFG were also at considerable risk. Beginning with the 2010 guidelines, the ADA now recommends the use of HbA1c to identify increased risk for diabetes (5.7-6.4%), and a cutoff point of HbA1c C6.5% for diabetes diagnosis [8] . Therefore, the adjusted [37] . This translates into a widening gap in glycemic control between non-Hispanic white and Hispanic adults with T2D [13] , which is troubling given direct associations between HbA1c and diabetes complication rates [8] . Consistent with studies on adults without T2D [38] , we observed a direct relationship between BMI and fasting insulin in both NFG and IFG, and higher insulin in those with IFG, which suggests increasing insulin resistance with increasing obesity. In addition, many of those with NFG or IFG exhibited low HDL-C, high triacylglycerols, and high systolic blood pressure. Those with IFG showed similar dyslipidemia as those with T2D-elevated triacylglycerol concentrations, and, for 20-24% of individuals, both low HDL-C and high triacylglycerols. Among individuals with T2D in the present study, medication use was comparable to adults with T2D in NHANES 1999-2000 [10] . Nonetheless, only 4% met all three ADA goals, which was considerably lower than observed in an ethnically and economically diverse cohort of patients at 30 US academic medical centers (10.0%) [11] , or in Hispanics enrolled in the Look AHEAD randomized lifestyle intervention trial (7.9%) [12] . However, this estimate was similar to that observed in patients with both diabetes and hypertension at two major urban medical centers in Brooklyn and Detroit (3.2%) [9] . Glycemic control among those with T2D was less frequent in the present study (27%) than in many study samples (34-46%) [10] [11] [12] , but was identical to that observed in the Brooklyn and Detroit patients (27%) [9] . The most common goal achieved was that of LDL-C, which is consistent with a review indicating that US ethnic minorities with T2D experience the smallest disparity in LDL-C control [39] . Nonetheless, the lower LDL-C in this population was accompanied by low HDL-C, which may be of greater importance to CVD risk [40] . Further, this differs from the general US population, where low HDL-C prevalence has decreased over time [41] .
Factors associated with meeting ADA treatment goals were similar to other studies. Medication use was associated with a higher likelihood of meeting the LDL-C goal, but with a lower likelihood of meeting the HbA1c and blood pressure goals, as reported elsewhere [12] . One explanation could be a more targeted medical approach to lowering LDL-C [9] [10] [11] . Alternatively, Caribbean-origin Hispanics may tend to have lower total and LDL-C concentrations than other ethnic groups [19] .
Another factor that likely contributed to poor metabolic control in this population relates to socio-economic disparities. Individuals with IFG or T2D were more likely to have B8th grade education, and poverty was associated with a 34% lower likelihood of meeting the HbA1c goal. Similar to our findings, the multi-ethnic Look AHEAD study found that lower education and fewer economic resources were related to not meeting the HbA1c goal [12] . Research in Hispanics has shown that low educational attainment [14, 42] and language or cultural barriers [43] could lead to an incomplete understanding of T2D and poor self-management. Compounding the negative effects of low socio-economic status, cumulative physiological stress [44] , and high prevalence of depression, high self-reported stress, and low acculturation levels [45, 46] have been associated with poorer health in the Boston Puerto Rican Health Study. In the present study, prevalence of undiagnosed T2D was relatively low (18%), likely because, as US citizens, low-income Puerto Ricans in Massachusetts receive health insurance coverage through the state Medicaid program, MassHealth. Thus, we hypothesize that individuals may have an inadequate understanding of how to manage the disease, and this may be occurring in combination with suboptimal medical management related to the ''ABCs'' of diabetes. Additional research on this topic is warranted.
This study has some limitations. First, the crosssectional nature of this study precludes determination of causality. Second, CVD risk factors were ascertained by a single fasting blood measure, which could contribute to misclassification. Third, given that we classified all individuals prescribed diabetes medication as having T2D, we may have underestimated the prevalence of IFG and overestimated the prevalence of T2D. However, there was good agreement between our classification of T2D and self-reported ''ever'' diagnosis.
Despite these limitations, this is the first large-scale study in Puerto Rican adults that characterizes CVD risk profiles across levels of impaired glucose regulation. The high prevalence of obesity, poor glycemic control, and dyslipidemia observed in this study emphasize the need for greater attention on the health status of this understudied ethnic group. In conclusion, CVD risk factors appear to be much more prevalent than previously seen in this population of Puerto Rican adults with prevalent diabetes [47] . It is therefore critical that they be followed more closely to prevent increases in CVD in the future. Comprehensive assessment of CVD risk profiles in individuals with NFG or IFG provides the opportunity to interrupt progression to T2D, and ADA goal achievement serves as an important gauge of CVD risk. Additional culturally sensitive, longitudinal research in Puerto Rican adults is needed.
